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ABSTRACT 
In this paper, we present Loculus: a metadata wrapper 
schema for the management, distribution and reuse of digital 
Motion Picture.  This schema provides a mechanism by 
which information from different stages of the life-cycle of 
an artifact can be encapsulated together.  It is light weight, 
versatile and reduces information redundancy.  We 
approached the development of this schema from the use 
prospective and in the context of the broader project; for 
which we had already developed an Information Model, 
Data Model and System Architecture.  This schema can 
function as a converter between different Information 
Systems and people, as well as allowing for better 
management of information within an organisation.  The 
Loculus schema has been applied to a case study from our 
collaborations partner, the Australian Film Television Radio 
School (AFTRS). 
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1.   Introduction 
The Motion Picture Industry is undergoing a phase of 
creative destruction, moving from analogue to digital [1].  
Up until 1998, the Motion Picture Industry has been almost 
entirely on physical file format, cameras, editing, 
preservation and projection was primarily done on 35mm 
format films [1].  It has been predicted that before long the 
Motion Picture Industry will be primarily digital with digital 
file formats replacing the 35mm films.  Indeed, with the 
adoption of high definition digital cameras, the proliferation 
of digital home cinema as well as the installation of digital 
projectors in movie theaters, the process of conversion from 
analogue to digital is well underway.  Even film archives are 
rapidly converting their collections to digital as a means of 
preservation and as it allows for more efficient reuse of 
archive material for various purposes [1]. 
For the purpose of this paper, we will think of films that are 
in digital format as Digital Artifacts.  The production and 
distribution cycles of a Digital Motion Picture can be 
regarded as a series of arrangement of these Digital Artifacts 
in Time.  In turn, the Motion Pictures themselves can be 
thought of as Digital Artifacts.  This concept is illustrated in 
Figure 1. 
These Digital Artifacts need to be managed, preserved, and 
in order to maximize their utility, they need to be distributed 
and reused.  Metadata is critical for the management of the 
quality, value and durability of these Digital Artifacts.  
Metadata can also be used to encapsulate the rights of 
various stakeholders, technical information captured as 
metadata is vital for preservation efforts.  This is where our 
metadata wrapper schema called Loculus comes in. 
Named after a Roman Legionary's satchel, Loculus has been 
designed to encapsulate information about a digital artifact 
with respect to its life-cycle.  Loculus was developed as part 
of a broader project, being conducted in collaboration with 
the Australian Film Television Radio School (AFTRS), 
which deals with the management, distribution and reuse of 
digital Motion Pictures and collections.  The aims of that 
project are twofold: (i) to develop an Information Model 
that captures the nuances of the Motion Picture Industry; 
and (ii) to develop a Metadata-based Framework based on 
the Information Model.  The Loculus metadata wrapper 
schema forms part of the Metadata-based Framework. 
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Figure 1: Digital Object Concept 
The need for Loculus metadata schema arose when current 
metadata wrappers were found to be too specific.  For 
example, METS [2], a schema that can be used to 
encapsulate a wide range of information was designed 
specifically for archiving.  METS proved to be too 
cumbersome and inflexible when attempts were made to use 
it to encapsulate the entire production cycle of a digital 
artifact.  Similar arguments prevailed for MPEG-21 [3] and 
LOM [4].  However, Loculus is not in competition with any 
of the above mentioned schemas. Indeed, Loculus is 
designed to be interoperable with all the schemas mentioned 
above. An advantage of this interoperability is that Loculus 
can take advantage of existing technology, such as MPEG-
21’s rights expression language, to express the complex 
copyright and fair use issues that exist in the Motion Picture 
Industry. 
In this paper, we will first present the Information Model 
and Data Model that Loculus is based on, followed by a 
detailed introduction to Loculus itself.  The application and 
implementation of Loculus in the context of an AFTRS 
distribution scenario are then discussed to illustrate its 
usefulness. 
2.  System architecture, Information and Data 
Model 
Before we proceed further, it is imperative that the 
difference between an Information Model and a Data Model 
is explained.  An Information Model is an abstract but 
formal representation of entities including their properties, 
relationships and the operations that can be performed on 
them.  A Data Model, on the other hand, is a model that 
describes in an abstract way how data is represented in a 
business organization, an information system or a database 
management system.  To be useful, metadata should 
conform to the requirements of a coherent Data Model.  The 
Data Model in turn must relate to a coherent and robust 
Information Model that reflects the various nuances that are 
unique to the domain of application.   
The Information Model is the highest level of abstraction 
which shows the relationship between the digital artifact and 
other concepts such as rights and agents: people and 
organizations.  From the Information Model come the Data 
Model and the system architecture.  Metadata schemas are 
created based on the Data Model and the metadata resulting 
from the schema is used within the system architecture.  The 
system architecture in this case embodies the concepts and 
the modules and how the modules interact with each other, 
but is independent of any specific technology.  The system 
architecture, the Data Model and the metadata schemas 
collectively form the Metadata-based Framework.  This 
relationship is illustrated in Figure 2 below. 
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Figure 2: Relationship between the Information Model 
and the Framework 
The Information Model we use in this project is a 
combination of existing models that have been extended and 
modified to suit our aims.  Figure 3 shows the heart of the 
model, which is a combination of the ODRL base model, 
the IFLA FRBR model with the addition of the Life Stage 
entity as well as the Utilisation and Provenance entities.   
The ODRL model [5] covers the interconnected relationship 
between artifacts, agents and rights.  The ODRL also 
expands on the rights entity, while the IFLA FRBR [6] 
expands on the concept of the artifact.  The concept of 
Utilisation, Provenance and Life Stage were added to the 
pre-existing models by this study.  The Life Stage and the 
Provenance are parts of the metadata hierarchy.  In this 
hierarchy, the general concept of metadata is the parent of 
all forms of specific metadata, such as event and artifact 
metadata.  This hierarchy is a conceptual grouping of like 
entities together to show their relationships.  This hierarchy 
is crucial in the development of the Data Model, which is to 
be discussed shortly, as part of the Framework. 
Figure 3: The Loculus Information Model 
The other addition that our study made to the existing 
models was the concept of utilisation.  This was necessary 
to cover the post-production aspect of the film cycle.  As the 
name suggests, utilisation deals with how the films will be 
used.  As a result, the parent entity utilisation has the child 
entities: access, distribution, reuse and archival.  This 
interrelationship is illustrated in Figure 4.  This concept of 
utilisation had a particular impact on Loculus, as Loculus at 
its core is focused on the utility of the digital artifact. 
With the information model in place, a data model has 
begun to be formulated by the project at large.  That work is 
on-going but a partial illustration corresponding to the core 
information model is presented in Figure 5.  As it can be 
seen from the Figure, the data model’s function is to 
associate the various types of data with the corresponding 
entities in the information model.  A partial data model has 
been developed and we continue to work on developing a 
set of comprehensive data models for the motion picture 
industry. 
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Figure 4: The Utilisation Inheritance of the Loculus 
Information Model 
 Figure 5: Partial Data Model 
However, it was during the construction of this data model 
that the need for a metadata wrapper schema became 
evident to allow efficient storage and management of the 
different kinds of the data to be present within the wider 
system.  As mentioned before, the existing metadata 
schemas were found to be too cumbersome and specialized.   
The system architecture, shown in Figure 2 and illustrated in 
Figure 6, is modular in nature, consisting of a core module 
with plug-ins responsible for the other functionalities.  
These functionalities will include things such as digital 
artifact repository facilities, provenance facilities, rights 
management facilities, etc.   A modular design will make 
allowance for other people to develop plug-ins for the 
prototype system or for plug-ins to be developed at a later 
date after the conclusion of this project. 
It must be emphasized that the core by itself is useless.  The 
core module will simply be the control node that issues 
instructions to the plug-ins to perform some task.  If the 
plug-ins are not available then the core will not be able to 
execute tasks assigned to it.  The user will interact with the 
core and not with the individual plug-ins.  Analogically, the 
core module is the brain and the plug-ins are hearts, lungs, 
stomach etc.  The hearts, lungs, stomach cannot function 
without commands from the brain but the brain cannot 
pump blood, breathe or digest food without the heart, lung 
and stomach. 
A small part of the system was implemented as part of the 
work being reported in this paper.  The implementation 
included the core, distribution module and part of the 
discovery module.  
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Figure 6: Modular System Architecture of Loculus 
3.  The Metadata Wrapper Schema: Loculus 
Loculus is a metadata wrapper designed to wrap around a 
wide variety of information from the different stages of life 
of an artifact; as well as such information that aids in the 
creation, use and preservation of the artifact.  Loculus is 
also designed to house the mechanisms by which the history 
of the artifact can be stored.  Loculus may also store 
algorithms that perform certain functions. 
Loculus is a metadata container record that contains all 
metadata records for a given WORK, where WORK has the 
same meaning as in the IFLA FRBR model and where 
WORK has a one-to-one relationship to EXPRESSION and 
MANIFESTATION.  However, where WORK has one-to-
many relationship to EXPRESSION and 
MANIFESTATION the Loculus record maybe tied to a 
MANIFESTATION for the sake of simplicity.   
The mandatory elements of Loculus are one level deep; 
holding the root element at level 0.  The level 1 elements are 
based on the Loculus information model, shown in Figure 3, 
except the governance element.  The governance element 
contains the metadata about the Loculus object itself.  The 
other elements and their child elements contain the 
information relating to the artifact object being recorded 
using Loculus.  These elements and their relationship to 
each other are illustrated in Figure 7.  The details of the 
Elements are given in the up coming subsection. 
Essentially, Loculus should be able to ingest and 
disseminate a variety of metadata standard responsible for 
the capture of information at various stages of an artifact’s 
life; as well as metadata standards responsible for capturing 
information for various uses and aspects of the artifact. 
Expression
Running Time
Shooting Locations
Production
Locations
Silent Film
Item
Film Format
Video Format
Physical Media
Storage location
Download location
Agent
Director
Producer
Cast
Crew
Rights
Music Rights
Rights/Licenses
Artifact
Title
Completion
Date
Genre
Type
Synopsis
Utilization
Screening
Downloading
Rentals
One of the goals of Loculus is to eliminate information 
duplication.  As such, when ingesting metadata, Loculus 
will be consolidating information under the most suitable 
parent element in level 1.  For example, both METS and 
MPEG-21 have sections that contain Dublin Core metadata. 
When ingested to form one coherent Loculus metadata 
object: the two Dublin Core- based description sections of 
the two documents would be reconciled and stored in a 
single place within the Loculus document.  When 
disseminating, along with METS and MPEG-21 metadata 
objects, Loculus would also be able to disseminate a Dublin 
Core- only metadata object or any other metadata object that 
the information allows Loculus to produce. 
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Figure 7: Loculus Element Diagram 
3.1 Element Details 
Loculus: Root element with the attribute ID  
Production: Level 1 element that is the parent element of all 
production related elements and their content that have been 
ingested. 
Distribution: Level 1 element that is the parent element of 
all distribution related elements and their content that have 
been ingested.  A production event must precede a 
distribution event. 
Discovery: Level 1 element that is the parent element of all 
discovery related elements and their content that have been 
ingested.  Production and distribution events must precede a 
discovery event.  Discovery is also the parent element under 
which all description information, usually described by 
Dublin Core metadata, is stored.  This is because such 
information usually aids discovery. 
Utilisation: Level 1 element that is the parent element of all 
Utilisation related elements and their content that have been 
ingested.  Utilisation only needs to be preceded by a 
production event, this is because an artifact can be used 
straight after it has been produced by those who produced it 
or are aware of its production without having to go through 
distribution and discovery. 
Preservation: Level 1 element that is the parent element of 
all preservation related elements and their content that have 
been ingested.  This event must be preceded by a production 
event. 
Artifact: The artifact element is a parent element that has 
three child elements: technical, content and associations.  
The technical child element holds technical information 
about an artifact.  The content element holds semantic and 
syntactic metadata for the content of the artifact.  Lastly, the 
associated child element indicates the other artifacts that are 
associated with the artifact in question. 
Agent: Level 1 element that is the parent element of all 
people, organisation and their associated roles in relation to 
the artifact. 
Rights: The rights associated with the artifact that can be 
exercised by Agents based on their role. 
Provenance: Ever evolving record of actions performed on 
and events affecting the artifact with reference to specific 
rights and agents if needed. 
Governance: Level 1 element that is the parent element of 
all elements and information needed for the use and 
governance of the Loculus object.  The child elements of 
governance are Administrative, Ingest, Dissemination, 
Users, Security and Algorithm. 
4.  Application and Implementation 
In this section, we will first present a brief use case and then 
show the application of Loculus to this use case.  As 
mentioned before, we implemented a small part of the 
system architecture, shown in Figure 5, for illustration only.  
The project will be implementing the whole architecture in 
due course. 
4.1 Use Case: AFTRS Distribution 
AFTRS students are required to produce a short film as their 
‘graduation piece’.  This piece is usually the major 
production for their study and is supposed to be a showcase 
of all the knowledge they have acquired as students at 
AFTRS.  It is this piece that AFTRS usually markets to film 
festivals, broadcasters and recently through Google Videos 
on behalf of the student and of course the School itself. 
As part of their graduation requirements students are asked 
to fill out a distribution release form.  This form is divided 
into the following twelve sections: 
1. Catalogue information: title, genre etc. 
2. Technical details: shooting dates and locations etc. 
3. Crew: director, producer, camera crew etc. 
4. Cast: actors. 
5. Copyright details: script, score, animation etc. 
6. Funding details: AFTRS budget allocation and 
non-AFTRS budget allocation and terms. 
7. Distribution details: only if there is an atypical 
distribution agreement in place. 
8. Approved copyright status: copyright based on 
region. 
9. Requirements for overseas distribution, including 
film festivals: special requirements that may come 
up during entry to international festivals. 
10. Synopsis: short synopsis of the work. 
11. Bio filmography of the Director: Director’s 
previous work, may include work produced prior to 
joining AFTRS. 
12. Other information: for anything else of 
significance. 
This distribution release form is used by AFTRS 
Distribution to fill in paper-based film festival entry forms.  
AFTRS distribution also uses the distribution release form 
to manually construct an XML document for Google Video 
based on their metadata schema.  Film festivals are 
increasingly opting to use online clearing houses as their 
preferred method of submission.  Therefore, students are 
now required to use a common login to log on to these 
online clearing houses and re-enter all the information they 
have already provided in the distribution release form to 
each of these clearing houses.  Currently, there is one major 
clearing house for the North American festivals: Without-A-
Box and about two for the European festivals: Short Film 
Deport and ReelPort. 
Lastly, AFTRS library uses the information provided in the 
distribution of release form to catalogue the student works 
and make them available to the other AFTRS students as 
well as the public at large.   
4.2 System Implementation and Application of Loculus 
Referring back to the system architecture in Figure 6, for 
this paper we choose to implement the modules isolated by 
the dotted lines; with particular emphasis having been 
placed on the modules isolated by the darker coloured 
dotted line.  The System was implemented in Java.  In 
addition, a JSP version of the AFTRS distribution release 
form was created.  Basically, once the students fill out the 
JSP version of the distribution release form, the information 
is fed into the Loculus system.  The system then sorts out 
the information and files them under the appropriate 
elements, creating a Loculus record for the Artifact, in this 
case the short film by the student.   
Once a Loculus record for the Artifact has been created, it 
can be used to generate the different types of information 
objects required by the different parties within AFTRS.  So 
the system can generate metadata documents needed by 
AFTRS distribution to release videos on Google Video.  It 
can also generate information in a format that the AFTRS 
Library can readily upload into their cataloguing system.  
Potentially, the system can also directly upload relevant 
information to the online clearing houses that AFTRS uses 
to enter their student films to various film festivals.  This 
use of Loculus is illustrated in Figure 8. 
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Figure 8: Loculus Use Diagram 
One of the key steps that take place inside the Loculus 
system is that of sorting.  Loculus is designed to be as 
seamlessly integrated into existing systems and habits of 
people as possible.  As a result, the information object being 
ingested into the Loculus system can be in any format, and 
can be unstructured or structured.  The Loculus sorting 
module sorts the information, with the aid of a semantic 
module, and the Loculus object for the artifact in question is 
generated from the sorted information.  This process is 
illustrated in Figure 9. 
At present, the semantic module is a stub with hard coded 
rules for sorting.  When fully developed, the semantic 
module will consist of a Data Dictionary and Ontology that 
can be enriched, replaced or modified as the need arises. 
By the same token, Loculus’s ability to disseminate 
information back out in a variety of form is also designed to 
aid in the seamless integration of Loculus.  In addition, the 
Loculus’s disseminator functions as a universal socket, into 
which third party systems can be plugged into, e.g.  Google 
Video in the example. 
The significance of Loculus, however, extends beyond 
being able to ingest and disseminate a wide variety of 
information objects.  Inside the system, the information is 
categorised from the “use” prospective, e.g.  used for 
discovery, during production, during distribution etc.  This 
ensures that a user can access only those pieces of 
information that they need for the use they want to put the 
artifact in question.  At the same time, information 
redundancy is reduced by ensuring that a piece of 
information is only stored in one location.  Moreover, 
having access to all available information about an artifact 
in the one location means that should the need to use 
addition information arise for a particular use of the artifact, 
then the user can refer to the other information that has been 
collected about the object.  For example, preservation and 
production are linked; in future, a situation might arise 
where the preservation of an artifact might require 
references to the production metadata.  
The advantage that the Loculus system has over a traditional 
database is in the efficiency and the semantic intelligence 
that the metadata can offer. In addition, unlike traditional 
databases, the Loculus system is designed to be adaptive 
and do not suffering from the rigidness that databases are 
inherent to. The Loculus system is future proof to demands 
of a changing information needs and the Loculus Metadata 
Wrappers allows the Loculus system to provide structure 
while remaining flexible and adaptive. So in effect, having 
the data stored in separate but connected metadata enriched 
silos allows the system provides all the efficiency of a 
database without any of the limitations of databases. 
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 Figure 9: Loculus Use Diagram 
5.   Conclusion and Future work 
The metadata wrapper schema Loculus has been developed 
as part of a broader project which deals with the 
management, distribution and reuse of digital Motion 
Pictures and collections.  As such the immediate future 
work for Loculus is to apply it more fully to the broader 
project.  In addition, we plan to continue to apply Loculus to 
more use cases from AFTRS in order to further evaluate its 
usefulness in real world contexts. 
To date, Loculus has proven to be a promising light weight 
wrapper that encapsulates information from the entire life 
cycle of an artifact.  The application of Loculus to the 
AFTRS distribution use case showed that it could ingest an 
information object such as the AFTRS distribution release 
form, which covers everything from basic catelogue 
information to the budgeting for the student films.  The 
AFTRS distribution use case has also shown that Loculus is 
able to disseminate different types of information modules.  
Loculus’s ingest and dissiminatation abilities allow it to 
function as a converter that links dissimilar information 
systems and people with diffirent information needs but 
who have information to share with each other. 
Loculus is also being used by another project.  This project 
focuses on the Digital Artworks Expression Language 
(DAEL) which was developed to work with an extension to 
Loculus.  The DAEL project extended the Artifact element 
of Loculus.  The other Loculus elements (Production, 
Distribution, Discover, etc.) are also very important for the 
DAEL transformations and their subsequent use in search 
and retrieval.  More details on the use of Loculus for the 
DAEL project can be found in the accompanying paper: “A 
Digital Artwork Expression Language”. 
Loculus metadata wrapper schema will form an integral part 
of the full Loculus system and by all indication will have a 
life beyond the immediate Motion Picture metadata 
framework project.  Indeed the success of the Loculus 
schema has a dual measure: how well it works within the 
Motion Picture metadata project and what use it finds 
beyond this project. 
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